23 24 42 CAMKK2 target, AMPK, was repressed by ligand-activated ERβ. Down-regulation of 43 TBC1D4, a major regulator of glucose uptake in prostate, indicates that ERβ is changing 44 glucose metabolism in the prostate. These findings suggest that ERβ-mediated signaling 45 pathways are involved in the negative regulation of AR expression and activity, thus 46 supporting a tumor suppressive role for ERβ in PCa.
25
Abstract.
26
Estrogen receptor β (ERβ) was first identified in the rodent prostate and is abundantly 27 expressed in human and rodent prostate epithelium, stroma, immune cells and endothelium 28 of the blood vessels. In the prostates of mice with inactivated ERβ, mutant phenotypes treatments. There is significant overlap of responsive genes between the two ligands, as 38 well as ligand-specific alterations. Gene set analysis of down-regulated genes identified an 39 enrichment of androgen-responsive genes, such as FKBP5, CAMKK2, and TBC1D4.
40
Consistently, AR transcript, protein levels, and transcriptional activity were down-regulated 41 following ERβ activation. In agreement with this, we find that the phosphorylation of the 48 Introduction
50
The prostate is an androgen-responsive organ which is controlled by the androgen 51 receptor (AR) both under normal physiological conditions and in malignancy. AR plays an 52 important role in PCa as a strong driver of proliferation, and as such is the primary target for 53 treatment of PCa [1] . Recently it was shown that androgen signaling is essential for PCa 54 tumorigenesis from prostatic basal cells [2] . In addition to the 2.5 million people living with 
155
DMSO-treatment treatment had very little effect on gene expression ( Fig. 1A (heat map) ).
156
E2 and LY3201 treatments elicited changes in 4185 and 3456 differentially expressed genes 157 (adjusted p-value < 0.05), respectively. The proportion of upregulated (60%) and 158 downregulated (40%) genes between the two ligands was similar (Table 1 ). With the 159 upregulated genes there was a strong overlap between the two treatments (63%). However,
160
there was only a modest overlap in the downregulated genes show (46%). Ligand-161 dependent differentially expressed genes were less prevalent in LY3201 treated cells ( Fig.   162  1B) . Table 2 ). The most negatively enriched set contained genes involved in response 170 to androgens a central driver in androgen-sensitive PCA (see Figure 2A ). These androgen- 
186
ERβ reduces the AR activity in LNCaP cells.
187
Since AR-responsive genes were affected by ERβ activation (see Figure 2A ), we 188 investigated whether expression and/ or activity of AR was changed by expression of ERβ 189 as has been proposed by several studies based on ERβ function in the mouse [11, 12] . We 190 found that AR mRNA and protein were down-regulated by both estradiol and LY3201 in
191
ERβ-expressing LNCaP cells (see Figure 2B ). In addition, the established AR-regulated Table 3 ).
196 Table 3 . List of androgen-responsive genes differentially regulated by ligand-activated ERβ in 197 prostate cancer cells. 203
Up-regulated Down-regulated

ERβ reduces activation of the p (ARR) 2 PB-LUC reporter in LNCaP and 22Rv1 cells
204 and reduces AMPK phosphorylation.
205
We used AR-reporter constructs to investigate whether AR activity is directly affected by 209
ERβ-regulation of CAMKK2 and its downstream targets 210
Another AR-regulated gene, CAMKK2, which has been shown previously to affect PCa 211 survival, metabolism, cell growth, and migration[4], was repressed by ligand-activated ERβ 212 (see Figure 3A ). To determine whether events downstream of CAMKK2 were affected by the 213 presence of activated ER, we analyzed the activity of AMPK by measuring its 214 phosphorylated form (pAMPK). There was a clear reduction in pAMPK following treatment 215 with LY3201 (Figure 3 B) . We also found the CAMKK2 regulated gene TBC1D4 to be down-216 regulated by ERβ ( Figure 3C and D) . This factor is important for translocation of GLUT12 to 
221
In the prostate of ERβ knockout mice, there is an increase in the number of basal cells (p63- 
226
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